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(54) A liquid discharge method and a liquid discherge apparatus 



(57) A liquid discharge method for discharging liquid 
by use a liquid discharge head provided with liqukl 
diecharga nozzles (3) having a plursiirty of eiectrother- 
mal converting memt>ors (4,5) capable of forming bub- 
bles tor discharging a liquid droplets compflsea the step 
of using a driving condition In a range where the dis- 
charge speed of droplets is made substantially constant, 



while the ampunt of droplet is mad© changeable wrth iho 
timing difference of driving when droplets are dis- 
charged by driving a plurality of the electrothermal con- 
verting members one after another. With the adoption 
at the method thus structured, high quality prints can be 
obtained without deviation of impact positions irrespec- 
tive of the dot diameters, larger or smaller, for a signifi- 
cant enhancement of image representation. 
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DoAeription 

BACKGROUND OF THE INVENTION 
B Field of the Invention 

[DD01] The present invention relate© to a liquid discharge method and a liquid discharge apparatus. 
[0002] In thi© raeperst, the torm "recording" in the description of the present invention means noi only the provteion 
Of images having characters, graphics, or other meaningful representation, but also, the provision of those Images that 
10 do not present any particular meaning, such as patterns. 

Related Background An 

[0003] There has been Known the so-called bubble jet recording method, which is an ink jet recording method where- 
is by to form images on a recording medium by disoharging inK from discharge ports using acting force ©xertod by the 
change of states of ink accompanied by the abrupt voluminaf changes (creation of bubbles), and to form Images on a 
recoiding medium by the discharged ink that adheres to It. For the recording apparatus that uses the bubble jet recording 
method, tt is generally practiced to provide, as disclosed In the specifications or Japanese Patent Publication No. 
ei -59911 and Japanese Patent Publication No. 61-59914. the discharge ports that discharge ink, the ink paths con- 
fio duotively connected to The discharge ports, and heat generating members (eiectrothermal converting members) ar- 
ranged in each of the Ink paths as means for generating energy for discharging inK. 

[0004] In accordance with such recording method, it is possible to record high quality image© at high speeds with a 
lesser amount of noises. At the same time, the head that executes this recording method makes it possible to arrange 
the discharge pone for discharging ink In high density, with the excellent advantage, among many others, that images 

25 are made recordable in high resolution, and that coior images are easily obtainable by use of a smaller apparatus. 
[0005] Further, in the specifications of Japanese Patent Laid-Open Application No. 62-40395 and Japanese Patent 
(jaid-Open Application No. 8-169116, there ie disclosed a liquid jet recording head provided with energy generating 
members formed by a plu rality of electrothermal converting members arranged In the respeotrve ink flow paths to make 
it possible to present gradational representation. Aiso. in the specmcatlon o1 Japanese Patent LaidOpen Application 

30 No. B-1 S31 60, a method is diecloeed for giving pulses in order to modulate the discharge amounts stably. 

[0005] However, if it is intended to increase the discharge amount by driving plural electrothermal converting menn- 
bers which are provided together in one ink flow path as in the above oonventkjna! example, the discharge speed is 
also increased at the same time eventually, or tt it is intended to decrease the discharge an^unt, the discharge speed 
Is decreased simultaneously. Here, the relattonship between the discharge amount and the discharge speed is almoet 

35 proportbnal. Therefore, when the discharge amount should be decreased, the discharge instability may lake place 
due to the stowdown of the discharge speed. This tendency is more conspicuous under the low temperature environ- 
ment in partrcular. In the worst case, there Is a fear thai tha disabled discharge o<«urB inevitably. 
[0007] On the other hand, when the discharge amount should be made larger^ the discharge speed becomes ex- 
tremely faster. As a result, the dot configuration is disturbed on an image or the dot dispersion phenomenon may take 

40 place due to the satellite dots to cause the image degradation or the rebounding phenomenon of ink occurs when tt is 
Impacted on the surface of a recording sheet. The rebounded Ink adheres to the surface of the recording head, hence 
affecting the stability of liquid discharges in some cases. 

SUMMARY OF THE INVENTION 

45 

lOOOB] The present invention is designed in consideration of the problems of The conventional technkiues of the 
method for forming discharge tiqutel droplets by driving a plurality of electrothermal converting merrtoers at a time. It is 
an aspect of the invention to matertelize a discharge method capable of obtaining desired images recorded in higher 
quality. 

BO [0009] It Is another aspect ot the lnventk>n to provide excellent techniques to overcome the drfflcurty lying in the 
technical background to make It possible to specify and obtain the amount ot a larger droplet two to three times the 
amount of a smaller (discharged) droplet even when the smaller droplet is formed by use of one electrothermal con- 
verting member, while the larger droplet ie fooned by use of plucal ©lectrothBmial converting members for the provision 
of images in good quality with the droplets having different discharge amounts, larger and smaHar as required, respsc- 

55 trvely. 

[0010] It is still another aspect of the inventk>n to provide a discharge method and a recording method capable Of 
forming high quality images by a desired stability of shoaling accuracy v\rtth the uniform discharge speeds of the methods 
whereby to make fomnations different by driving plural eloctrothermal converting mombors altogether. 
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[0011] The present im/antore hereof have ardently studied every aspect rglatad to th6 development of an ink jet 
recording apparatus capable of printing images in higher quality. As a result, giving attention to the flow directivilies of 
liquid (or gas) flow in the directions outgolna and ingoing from the Ink flow paths at the liquid dfeohargo ports along 
with the development and contraction of bubbles by the function of electrothermal converting membere. the Inventors 

B hereof have made theoretical analysed and found that discharge amounts ere made greatly changeable without causing 
the discharge speeds to vary too much by making the arrangement so that the components fonned by the plural 
electrothermal converting members In the direction (discharging direction) outgoing from the Ink flow paths do not 
intervene to change the discharge speeds themoelvea, while the componenifi In the direction opposite to the flow 
direction are allowed to Inten/ene. On the basis of such finding, the inventors hereof have conducted experiments and 

10 confirmed that the timing of a first driving pulse and that of a second driving puise are deviated up to the level of 10 
jisec order which has never been expscied In the conventional art. As a resutt, it has been found that there exists an 
area where the diechargo amount is made changeable, while the ink droplet discharging velocity is substantially con- 
stant (a range of timing deviation of 10 p5ec to 20 usee, for example), 

[0012] Hence, the iiqukJ discharge method of the present invention is designed to use a driving condition in a range 
15 Where the discharge speed of droplets Is made substantially constant, while the amount of droplet is made changeable 
with the timing difference of driving when droplets are discharged by driving a plurality of the electrothermal converting 
members one after another These features are shared by the liquid discharge method of the Invention that makes the 
discharge amount changeable. 

[001 3] Also, such timing difference is in a rang© where the discharge speed of droplets is made substantially constant, 
so and also, the discharge amount is allowed to take the minimum value to the maximum value thereof. 

[0014] Also, the timing difference is in a range to enable the discharged droplet to be formed as one dot on the 
surface of the recording medium. 

[001 5] Also, the timing difference is in a range where a eecond liquid droplet discharged by a second pulse catches 
up and collides wrih a Tirst liquid droplet discharged by afirst pulse before arriving at the surface of a recording medium. 
2S and these droplets are allowed to impact on the surface ol the recording medium as one droplet, 

[0016] Also, such timing drfference is characterij^ed in that while the meniscus formed on the discharge port by a 
first \\c\u\d droplet discharged by afirst driving pulse is retracted, a second driving pulse is applied. 
[0017] Also, the waveforme of pulses are different for the first and second pulses. 

[0018] Aleo, the energy generating members are arranged in senes in the direction of liquid flow In eacn of the liquid 
30 flow paths. 

[001 B] AJso, the energy generating members are arranged in parallel with the flow direction of liquid in each of the 
liquid flow pathe. 

[0020] Also, the feature of the present Invention is represented by a liquid discharge method for a liquid discharge 
head using a nozzle provided with at least two electrothermal corwerting members (heaters) in the interior thereof for 

3S discharging Ink from the nozzle by driving the electrothermal converting members in accordance with recording signals 
for recording one pbcel, which comprises the step of discharging ink by setting the timing of driving the other one of the 
eleolrothsrmal converting member subsequent to one of them driven during the pertod of the meniscus of ink supplied 
in the nozzle being present in a positron retracted from the opening end of the nozzle. During this period, it is possible 
to make the Ink discharge amount changeable without changing the discharge speed too much. 

40 [0021] 17>en, it may be possible to discharge ink by controlling the timing in accordance with the gradatronal infor- 
mation oontained in the recording signals tor the formation of pixels having dlflerent ink amounts. In this manner, the 
print quality IS Stabilized even when the ink discharge amount is controlled in accordance with the gradational infor- 
mation for printing. 

[0022] Also, the timing is delayed relatively during the period of the meniscus of ink supplied ir^ the nozzle being 
-ifi present in the position f etractod frc>m the open ing edge of the nozzle for the formatran of pixels having a larger amount 
of ink. In this manner, while suppressing the discharge speed lower, the ink discharge amount can be increased. 
[0023] It Is preferable to anange the electrothermal converting member driven eariier on the opening edge side of 
the nozzle, and the electrothermal converting member driven later on the rear aide of the nozzle. 
[0024] It Is preferable that the electrothermal converting member driven eariier is comparatively smaller, and the 
50 electrothermal converting member driven later is comparatively larger. 

[0025] Also, the feature of the present invention represented by a liquid discharge method for a liquid discharge 
head using a noiZle provided with at laaet two electrothermal cortverting members in the interior thereof for discharging 
ink from the nozzle by driving the eleclrothenmal converting members In accordance wrth recording signals for recording 
one pixel, which comprises the steps of forming pixel having a smalle r amount of ink by driving only one of electrothermal 
« converting members in the nozzle to discharge ink; and forming pixel having a larger amount of Ink by driving one of 
the two electrothermal converting members in the nozzle, and after that, driving the other one of the electrothemnal 
converting members to discharge Ink tor the formation of pixel having a large amount of Ink by the timing set during 
the period of the meniscus of ink supplied in the nozzle being present in the position retracted from the opening edge 
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of the nozzle. In this way, rt becomes poseil?)e to stfoctrveiy peiiorm printing lor the formation Off pixels having a smaller 
amoum of ink and those having a larger amount of ink. thus stabilizing the print quality. 

[0026] Also, the feature of the present Invention lies in the provision ot a liquid discharge method for a iiqu id discharge 
head using a no^itia provided wrih at least two electrothermal gonverting memberc in the interior thereof for discharging 

9 inkf rom the nozzle by dtiwng the elGclrothermal converting members in accordance with recording signals for recording 
one pixel, which comprises the step of driving one of the elaotrothdrmal converting memberB when recording one pixel, 
and drh/lng the other one of the electrothermal converting members eubsequent to the orie of them being driven at the 
timing making the ink discharge amount minimum substantially. 

[0027] Also, another feature of the present invention is raprossnted by a liquid discharge method for a Iiqu id discharge 

10 head using a nozzte provided with at least two electrothermal converting members in the interior thereof for discharging 
InkTrom the nozzle by drn/ing the alectrothermal converting mBmbera in accordance with recording eignale for recording 
one pixel, which oompriGes the step of driving one of the electrothermal converting membere when recording one pixel, 
and driving the other one of the electrothemDal converting members subsequent to the one of them being driven at the 
timing lo create bubble in ink by driving of the other one of the electrothermal converting members when the volume 

IB of the bubble created in Ink by the drrving of the one of the electrothermal converting membere becomes maximum 
substantially. 

[0029] Hers, in either cases, the elsctrotherma) converting members are arranged in positions having different dis- 
tances from the opening edge of the nozzle, respect^/Qly 

[0029) Also, in eome caeee, the electrothermal converting member having the shorter distance from the opening 
20 edge Is driven earlier, and afterthat, the electrothermal converting member having the longer distance from the opening 
edge is driven at such timing, and vice versa. 

[0030] Also, the electrolhermal converting member having the shorter dietanc© from tha opening edge has a smaller 
area than the electrothermal converting member having the longer distance from the opening edge in some case. 
[0031] Also, in some other case, the areas of the electrothermal converting member having the shorter distance from 
s£ the opening edge and the electrothermal converting member having the longer distance from the opening edge are 
the same. 

[0032] It is preferable to arrange so that the electrothermal converting member having the shorter distance from the 
opening edge is provided with an area forth© value of discharge speed v/ discharge amount Vd of the individual ink 
discharge from the electrothenmaf converting member to be reduced as the distance Is Increased. 

BRIEF DBSCRIPTION OF THE DRAWINGS 

[0033] Figs. 1 A and t B are plan views which illustrate the ©twcture of the flow paths and the plural heatore used for 
the present inventk^n. 

[0034] Figs. 2A, 2S, 2C. and 2D ara views which [llustrate the state of driving with different timing the first heater 5 
and the second heater 4 provided for the flow path 1 of the liquid discharge head represented in Figs. 1 A and 1 B, 
[0035] Fig. 0 id a view which shows the relationship between the current pulse PI, the bubbling volume Vg. and the 
flow speed v where the pulse current applied to the first heater 5 shown In Figs. 1 A and 1 B is given as PI; the bubbling 
volume Is given as Vb for the liquid which is healed to bubble on the bubble generating area above the first heater 5 

40 subsequent to the first heater 5 having been heated; the flow speed at the discharge port 3 is given as v; and the 
diac^harge direction Is defined as positive, while the direction of liquid fkiw path 1 as negative. 
(003^ Fig. 4 Is a view which shows the flow speed when driving each of the heaters represented in Frge. 1 A and 
1 B, where the flow speed v of the first heater 5 is given as v^ , and the flow speed v of the second heater 4 is given as Vg. 
[0037] Figs. 5A and 5B are plan views which ilKislrate the structure of the interior of the liquid flow path of a liquid 

45 jet recording head in accordance with a first embodiment of the present invention. 

[0038] Fig. 6 is a graph which schematically shows the discharge speed and the discharge amount Vd of the 
discharge liquid discharged by the liquid jet recording head and the discharge method of the present invention by use 
of the solid and dashed lines, respectively. 

IQQ39] Fig. 7 is a plan view which shows the structurs ot the interior of the liquid flow path of a liquid jet recording 
so head in accordance with a second embodiment of the present Invention. 

[0040] Fig. 8 is a graph which schematically shows the discharge speed \^e and the discharge amount Vd of the 
discharge liquid discharged by the liquid recording head and the discharge method in acoordano© virtth the second 
embodiment of the present invention. 

[0041] Fig. 9 Is a plan view which shows the structure of the interior of the liquid flow path of a liquid jet recording 
55 head In accordance with a third embodiment of the present inventton. 

[0042] Fig. 10 is a graph which schematically shows the discharge speed \^ve and the discharge amount Vd o1 the 
discharge liquid discharged by the liquid jel recording head and the discharge method m accordance wHh a sixth 
embocfiment ot the present invention. 
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[0040] pig, 11 \g an exploded perspective view which ehows 3 liquid discharge head cartridge. 
[0044] Fig. 12 is a view which schematically shows the structure of a liquid discharge apparatus. 
[0046] Fig. 1 3 ie a block diagram which dhows the liquid discharge apparatus. 
[0046] Pig. 14 is a view which shows a liquid jel recording &y6tem. 
s [0047] Fig. IS is a vIew whIch schematically shows a nozzle used tor the third embodiment in accordance with the 
present invention. 

[0048] Flge. 1 6A Is a view which shows the relationship between the header healing timing and the discharge speeds 
in accordance with the third ombodiment of the pre^nt invention; Fig. 16B is a view which fihowe the rstatlonship 
between the heater heating timing and the discharge announts; Fig. 16C is a visw which shows the relationship between 
10 the hsatsr heating liming and the printing frequency. 

[0049] FI5. 17 16 a view which shows the relationship brtw^an the elapsed time after the hpater is driven once and 
the amount of meniscus fluctuation. 

[0060] Figs. 1 8 A, 1 SB and 1 SC are timing charts which illustrate timing of the healer driving pulses in accordance 
with the present invontlon. 

16 [0051] Fig. 1 9 is a view which schematically shows a nozzle used for a fourth embodiment in accordance with the 

present invention. 

[00S2] Figs. 20 A, 20B, 20C, 20 D. 20E and 20F are views which schematically illustrate the state of the nozzle portion 
In accordance with the third embodiment of the present invention. 

[0053] Figa. 21 A, 21 B, 21 C, 21 D, 21 E and 21 F are viewe which schematically illustrate the nozzle portion in accord- 
SO ance with the fourth ©mlaodimant of the present invention. 

[0064] Fig. 22 is a view which schematically shows a nozzle used for a fifth embodiment in accordance with the 
present invention. 

[0055] Fig. 23A Is a view which shows ttie relationship between the heater heating timing and the discharge speeds 
in accordance with the fit!h embodiment of the present invention; Fig. 23B is a view which shows the relationship 
2S between the heater heating timing and the discharge amounts; Fig. 23C is a view which shows the relationship between 
the heater heating timing and the printing frequency; and Fig. 23D is a view which shows the relationship between the 
elapsed time after bubbling and the bubbling volume. 

[O0G€] Fig. 24 Is a view which schematically shows a nozzle in another mode, which is used for the fifth embodiment 
in accordance with the present invention. 
30 [00S7] Fig. 26 ie a view which schematically shows a nozzle in stiM another mods, which is used for the fifth embod- 
iment in accordance with the present invention. 

[0058] Fig. 26 Is a graph which shows the relationship between the ink discharge amount vd and the discharge 
epaed v with respect to a dlstar^e OH from a heater 

[OOSd] Figa. 27 A, 27Bp 27C. 27D. 27E and 27F are views which schematically illustrate the State Of the Rozzie portion 
35 in accordance with the fifth embodiment of the present invention. 

[0060] Figs. 28Aand2eB are tine diagrams which showthe heater driving pulses in accordance with the ©mbodiments 
of the present invention. 



40 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[00ei] Now, with reference to the accompanying drawings, the description wTll be made of the emfciodimsnts in ac- 
cordance with the present invention 

[0062] Figs. 1 A and 1 B are plan views which illustrate the structure of a liquid flow path and plural heaters (Figs. 1 A 
and 1 B contain tne case where the plural heaters are provided with differenl areas or different resistance, respeotively). 

46 For the liquid jot recording head of the praseni embodiment, which Is the one having multiple nozzles, a plurality of 
flow paths 1 are formed, each being separated by the flow path walls 6, and as means for generating energy for 
discharging liquid, a first heater (eteciroihermal converting member) 5 and a secorKf heater 4 are provided in each of 
the flow paths. Then, by energizing either one of them or both of thenn, liquid ri each of the flow paths is healed and 
discharged from plural discharge ports 3 an-anged for each of the flow paths. The discharging liquid is supplied from 

so a common liquid chamber 2 to each of the flow paths 1 , and discharged from the corresponding discharge port 3. 
However, the first heater 5 and the second heater 4 are arranged in that order in the flow direction in flow path 1. 
[0063] Now, in qonjunetlon with Figs. 1 A and 1 B and Fig. 3- the description will be made, at first, of the relationship 
between the creation of the bubble? by means of the heater 5 and the flow speed v of the liquid flow (or the atmospheric 
current whan the meniscus 9 draws it) in the discharge port 3 that detenmlnee the speed V or the discharge liquid 

S5 droplet B. For the present embodiment, the muttqale nozzle ra adopted, which is formed by a plurality of nozzlea as one 
body. In Figs. 1 A and IB, plural discharge ports are represented for one liqukj Jet recording head. 
[0064] Now. one heater 5 is used for lha description herein, among those referred to in the preceding paragraph. In 
the description given below, the discharge ports positioned above are represdnted by the one shown in Fig. 1 A, and 
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tho6d positionad below are repreeented by the one shown in Fig. 1 B in order to make the operation easily underetand- 

abld. 

[0065] Fig. 1 A shows the state where a bubble is created by use of the discharge heater 5 and it rs in the deveiopment. 

Fig. 1 B shows the contr€ic:ting process after the bubble has been cfeveloped to the maximum. 
5 . [0086) In Fig. 3. the applied pulse current to the first heater is given as PI. Then, by this current, the first header is 

heated. The bubbling volume le given ae Vg when the liquid ie healed to bubble in the bubble generating area on the 

first heater 5. The flow speed at the discharge port 3 is given as v. The discharge direction is given as positive. The 

liquid flow path 1 direction i& given as negative. With these definitione, the relationehip between the eleotrio current 

pufsB PI, the bubbling volume Vq and the flow speed v is represented, 
10 [0067] With the time 0, the pulse current PI is applied to the flrst discharge heater. Then, after several {isec, the 

bubble 7 le created ai time The bubbling volume Vq begins to be Increaeea. At tnie juncture, tne flow speeo (tiere. 

liquid flow) becomes the one indicated by the v. 

[0066] After the time has elapsed, the bubble 7 begins to be contracted. At thie juncture, the flow speed v becomes 
the component in ti^s nsgativa direction as shown In Fig. 3. Here, the relationship between the positive arKi negative 
te components Is obtain^ le by the following fomiuia: 



20 



M '3 



25 [0060] Also, the speed V of the discharged droplet 8 becomes the average of the positive components of the y It Is 
expressed as follows: 



3B Also, given the discharge port 3 ae So. the discharge amount Vd at this juncture is theoretically expressed ae given 
below (that ts, the area indicated l>y elanted lines is multiplied by Sq). 



Vd2± So X F = So X [l^v{t)di 

[0070] Figs. 2A io 2D are views which Illustrate the etat© Where the first heater 6 and the second heater 4, which are 
45 arranged In the liquid flow path 1 of the liquid discharge heed represented in Figs. 1 A and 1 B, are driven with different 
timing. In order to maKe the operation easily understandable, the descriptfon wili be made of the discharge ports po- 
sitioned above and balow \t\ that order sequentially in accordance with Figs, 2A to 2D. 

[0071] Fig. 4 i$ a view which shows the flow speed at the time of driving each heerter. The flow spaed v of the first 
heater S is given as end the flow speed v of the second heater 4 Is given as Vq. 
so [0072] In the state shown in Figs. 2A to 2D, It is arranged that the first heater 5 is driven to bubble at the lime O, and 
the second heater 4 at the time t^. However, at the time t2> the component of the first heater is made negative. Therefore, 
the flow speed v becomes rather ennall. Also, at the time ta to 14, since the flow speed v^ component of the flrst heater 
5 is 0. the positive componant of the flow spaed vg is generated. The resultant average speed V beoomes the moan 
value of the portion Indicated by slanted lines In Fig. 4 as fdlovyrs: 

BB 
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[0073] "merGfore, It the bubbling timing of the second heater is eubaequent to the tinne 0 id for the bubble 
development by the first heater 5, the average speed V is not made extremely large. As a result, the changing ratio of 
1Q the average speed V ie small even if the discharge amount l8 changed. Also, the state of the discharge liquid droplel 
B is deformed irt accordance with the average speed V. However, It becomes substantially sphere due to the eurrace 
tension of the flquki during it6 flight Also, the droplet may be broken into plural pieces in some caeea, but there occurs 
no problem ae to the image 1o be formed on the surface of a recording medium if only the driving Is made in condition 
that the droplet i« arranged tofonii one dot 

IS 

(Embodiment 1) 

[0074] Figs. 5A and 5B are plan views wntcn illustrate ihe structure ot the interior o1 the liquid flow path of a liquid 
jet recording head In accordance with a first ernbodiment in accordance with the present invention. The present em- 
20 bodiment has the same structure as the liquid jet recording head shown in Figs. 1 A and 1 B and Figs. 2A to 2D. The 
areas of the first heater 5 and the second healer 4 are the 9ame> and arranged in series in the direction ot liquid flow 
in the liquid flow path 1 Therefore, the same reference marlis as those used in Figs, 1 A and 1 B and Flge^ 2A to 2D 
are also used tor FIge. 5A af^d 5B. 

[007B) Fig. 6 is a graph which echematicaHy shows the discharge spaed Vave and the discharge amount Vd of the 
2fi discharge liquid discharged by the liquid jet recording head and the discharge method of the present invention. Here, 
by uee of the solid and dashed lines, these are indfeated, respectively. In Fig. 6, the axis of abscissa indicates the 
dtfference T between the driving timing of the first heater 5 and the second heater 4. With respect to the timing at which 
to give tfig driving pulse for the supply of pulse current is applied to the first heater 5, the timing of the driving pulse 
applicatron to the second heater 4 is defined as the positive side when the driving pulse is applied later On the contrary, 
so It is defined as the negative side when the driving pulse is applied to the eeeond heater earBerthan the timing driference 
0. 

[0076] Also, the driving pulse applied to the first heater 5 is given as a first pulse, and the driving pulse applied to 
the second heater 4 is given as a second pulse. In the area a (the timing difference is 0 to T,), if the timing difference 
is made larger for the timing of driving pulse application, the discharge amount is gradually decreased, and at the same 
9^ time, the discharge speed is made ebwer significantly. This corresponds to the time O ^ tg £ t^ in Fig. 4. Further, if the 
timing difference of the driving pulse application is largely deviated, the discharge amount indicates its minimum value 
at a predetermined timing Ti . Then, the discharge amount Is gradually increased, and the discharge speed is substan** 
tially In a constant area b. The time T^ at which the discharge amount indicates its minimum value is the timing that 
makes ti s t^ in Fig. 4. 

40 [0077] In the area b, the first liquid dnoplei Which has been discharged by the first pulse, and the seocnd liquid droplet 
which has been discharged by the second pulse are discharged in a continuous mode. This mode is preferable, because 
wf>dn these droplets are Impacted on a recording medium, the dot configuration becomes substantially circular. If the 
timing of the driving pulse application Is deviated larger stilt in the area b (T^ to T^, the discharge amount Indicates Its 
maximum value substantially at a predatermffisd timing difference Tg. After that, even If the timing Is largely deviated, 

4S the discharge amount Is no longer increased, that is, the timing difference arrives at the area c 02 to Tg). 

[007a] In the area c, Which is at t3 and tg In Fig. 4, the timing of the driving pulse application is dovlatad largely As 
a result, the first and second liquid droplets are discharged in such a manner that the main portion of the second liquid 
droplet discharged by the second pulse Is continuous to the trailing end of the first liquid droplet discharged by the first 
pulse or the first liquid droplet and second liquid droplet are discharged individuallly in succession. 
[0079] When the first and sacor>d liquid droplets are discharged in the continuous mode, the dot configuration be- 
comes almost circular in the area b, hence obtaining images in higher quality. Further, even If the first and second liquid 
droplote discharged separately in Donttnuation, there is no probiemas to the image formation if only the resultant Impact 
positions are not greatly deviated on the surface of the recording medium when a liquid jet recording apparatus is 
structured and used as described later 

ss [0080] In the area d (T^ to 0), it the timing of the driving pulse application is made larger, the discharge amount is 
gradually decirea^ed, arvd at the same time, the discharge speed is made slower significantly. V^en the timing of the 
driving pulse application Is largely deviated, the discharge amount indicates its minimum value at a predetermined 
timing difference T4. Then, the discharge amount is gradually Increased, while the discharge speed arrives at the area 
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o where R becomea substantially constant. 

[0081] In th& area e (T4 to Tg), the second liquid drop(©1 which has baan discharged by the second pulse, and tha 
first liquid droplet which has been discharged by the first pulse are discharged in a continuous mode. If the timing of 
the driving pul^e application is deviated larger etill in the area a, the discharge amount indicates Its maximum value 
s substantial^ at a predeteimined timing difference T5. Alter that, even if the timing is largely deviated, the diecharge 
amount is no longer increased, that is, the timing difference arrivee at the area f (Tg to T^). 

[0032] In the area f, since the timing of driving pulse application is largely deviated, the main portion of the first liquid 
droplet discharged by the firsl pulae 1^ diecharged to the trailing portion of the set^ond liquid droplet discharged by ttis 
second puiee in the continuous mode or tlie second and first liquid droplets are discharged separately In coritinuation. 

w [008^ In the area a and the area d, H the discharge amounts are modulated for the gradational representation, there 
is automatically a limit to tha practical design area where the discharge speed of the liquid droplets is greatly changed 
inevitably. Forth© present invention, however, it is possible to implement the Individual use of the first heater 5 with its 
minimum discharge amount. As a result, H the discharge amount should be increased, the area b may be used. In this 
manner, rt is possible to maKs the discharge amount Vd variable, while maintaining the constant level of the flow spaed v 

ts [0084] In this case, since the discharge speed does not change even when the modulation is made, the heater which 
should be driven earlier can be driven faster to the extent that the timing is deviated. In this way, within a range where 
one dot is formed by the discharged droplet on the surface of a recording medium, tha gradation becomes richer, hence 
making rt possible to obtain images printed in higher quality. 

20 (Embodiment 2) 

[0086] Fig. 7 Is a plan view which shows the structure pf the interior of the liquid flow path of a liquid jat recording 
head in occardanee with a eecond embodiment of the present invention. Tha liquid flow path 1. the common liquid 
chamber 2, the discharge port 3, the second heater 4, the first heater 6, and the flow path walls 6 are the same as the 
2S liquid How path 1 , the common liquid chamber 2, the discharge pon 3, the second heater 4, and the first heater 5. and 
the flow path walb 6 shown in Fige. 1A and IB, and Figs. 5A and SB. However, the areaa of the first heater 5 and the 
second heater 4 used for the present embodiment are made 2:1. These heaters are arranged in series in the liquid 
flow path 1. 

[0086] Fig. 8 Is a graph which schematically showe the discharge speed yfsn/B ancf the Oiscnarge amoum Vd of the 
so liquid dnsplei discharged by the liquid jet recording head and the discharge method of the present invention. The 
standard ol the time T represented on the axis of abscissa is defined as 0 when setting the timing of the driving pulse 
application to the first heater 5, and defined as the negative side when the timmg of the driving pulse application to the 
eecond heater 4 is later than this time, and on the contrary, K is defined as the posHtve side when the driving pulse is 
applied to the second heater 4 earlier Nso, the driving pulse applied to the first heater 5 ie given as a first pulse, and 
55 the driving pulse applied to the second heater 4 is given as a second pulse. 

[0087] For the present embodiment, the discharge amount Vd and the discl^arg© speed \^ve of the liquid jot recording 
head do not present any axisymmetrical graph centering on the axis Y In the area a, if the timing of the driving pulea 
application is made larger, the discharge amount is gradually decreased, and at the same time, the discharge speed 
is made slower significantly. Then, if the timing of the driving pulse application is deviated larger still, the discharge 
40 amount Vd indicates its minimum value at a predetermined timing T^. Then, the discharge amount Vd Is gradually 
increaaed, and the discharge speed Vav© ie eubatantSally in a constant area b. 

[0080] In the area b, the first discharge liquid droplet which has been discharged by the first pulse, and the second 
discharge liquid droplet which has baen discharged by the second pulse are discharged in a continuous mode. This 
mode is preferable, because whan these droplets are impacted on a recording medium, the dot configuration becomes 
4S substantially circular. 

[0089] In the area b, rf the timmg of the driving pulse application is iargeiy deviated, tha discharge amount Vd indicales 
its maximum value substantially at a predetermined timing different Tg. After thai, the dischargo amount is no longer 
Increased even If the timing ie deviated larger still, that is. ft arrives at the area c. 

[0090] In the area c, the timing of the driving pulse appJIcation is deviated largely As a result, the first and second 
eo liquid droplets are discharged in such a manner that the main portion of the second liquid droplet discharged by the 
second pulse is continuous to the trailing end of the first liquid droplet discharged by the first pulse In the continuous 
mode or the first liquid droplet and second liquid droplet are discharged individually in succession. 
[0091] Here, the bubbling power of tha second heater 4 itself is smaller than that of the fi-rst heater 5 in accordance 
with the present embodiment. Also, since the second heater is positioned closer to the discharge port 3 than the first 
neater 5, the energy that forms the discharge liquid droplet is smaller than that of the first heater 5, As a result, the 
speed of formed discharge droplet is also smaller than the discharge liquid droplet formed k>y the first heater 5. In this 
manner, when a liquid jet recording apparatus id structured as described later, the second discharge liquid droplet 
whose discharge speed is larger than the first discharge liquid droplet may catch up with the first discharge liquid 
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droplGt on the way even if tho first discharge liquid droplet and ths second disdlnarod liquid droplet are discharged 
soparately in contfniiation in ths area c, provided that the distance between them cofnparatlv©ly closer to each other. 
Therefore, these droplets become one droplet before arriving at a recording medium. 

[0092] In ths area d, if the timing of the driving pulse application is mad© largar, the diechargo amount Vd is gradually 
5 decreased, and at the same time, the discharge &paed Nfeivs is mads slower significantly. Whan the timing of the driving 
pulse application le largely devlalBd, the discharge amount indicates its minimum value at a predetermined timing 
diftarsnce T^. Then, the diecharge amount Vd Is gradually increassd, while the discharge epeed XfeEvo arrives at the 
area e where K becomes higher gradually. 

[0093] In the area e. the second discharged droplet which has been discharged by the second pulse, and the first 
10 liquid droplet which has been discharged by the firet pulse are discharged in a continuous mode. 

[0094] in the area t, since the timing of the driving pulsB application is largely deviated the first and second liquid 
droplets are discharged in such a manner thai, the main portion of the first liquid droplet discharged by the first pulse 
is continuous to the trailing portion of the second liquid droplet discharged by the second pulse in the continuous mode 
or the second and first liquid droplets are discharged individually in succession. However, in the areaf, the discharge 
IS speed of the second discharge liquid droplet is higher than tliat of the tirst discharge liquid droplet. As a result, unlike 
in the area c, these two droplets cannot be made as one discharge liquid droplet. 

[0095] In tho area a and the area d, if the discharge amounts are modulated tor Ths gradational representation, the 
discharge speed of the liquid droplets is greatly changed Inevitably, and the Impact positions of the discharge liquid 
droplets whose dot diamalara are different are deviated ©v^ntualiy, causing the difficulty in improving the image quality. 

SO Also, because droplets are discharged in two kinds of discharge amount from one nozzle, the discharge speed Is 
extremely slow at the minimum discharge amount when the first heater 5 and the second heater 4 are driven individually 
As a result, not only the Impact posiiions are extremely deviated, but also, twisting and disabled discharge tend to 
occur, thus the imago quality being often eubjected to degradation. However, in the area b and area e, the discharge 
speeds do not change greatly even if the discharge amounts are modulated. Thus, it is made possible to print high 

-sfi quality images having nch gradation within a range where one dot is formed by the discharged droplets on the surface 
of a recording medium If only the heater thai should be driven earlier is driven faster to the extent that the timing is 
deviated. 

[D096] For each of the above embodiments, no particular description has been made of the driving pulses for sup- 
plying tho pulse current to each of the heaters, but It is assumed that the same driving pulses are applied to each ot 

30 the heaters for the operation of each embodiment. Here, however, the amount of droplets to be discherged and the 
speed thereof become dttferenl ae a matter of course If the configuration of driving pulses, that Is, its width and height 
are made different or if a plurality of driving pulses are applied within an extremely shorter period of time. 
[0097] On the other hand, for the first emDodlment and the second embodiment, the amount of droplets to be dis- 
charged and the speed thereof are different depending on the ratio of the heater areas, and the sizes thereof as 

3S indicated by the fact that the relationship between the discharge speeds and the discharge amounts becomes different. 
The size, configuration, and arrangement of each of the heaters are fixed. Therefore, by n^aking the above-mentioned 
driving pulses diff erent» it t>ecQme» possible to apply those shown In the first embodiment to tho operation of the second 
embodiment, and vice versa. Then, the arrangement may be made so that the configuration of driving pulse applied 
to each of the heaters is made changeable per heater. 

40 

(Third Embodiment) 

[0098] With respect to the Timing of the second pulse application, it ie desirable to apply the second pulse during the 
period when the meniscus, which Is formed on the discharge port by the first liquid droplet discharged by the first pulae, 
4s resides on the healer side rather than on the discharge port surface side. This is because the eimount of droplet dis- 
charged by the creation o1 bubble becomes greater when the distance between the bubble and the meniscus is shorter. 
With the liming being set as this, the performance of discharges becomes more effective. 

[0099] Now, hereunder, with reference to the accompanying drawings, this deeirabis timing will be described in detail. 
[0100] In Fig. 15. the nozzie PI used for ink discharges is shown. This nozzle is used for a third embodiment in 

so accordance with the present invention, in the interior of this nozzle 101, there is arranged a smaller front side heater 
102 on the nozzle opening edge 101a side, and a larger rear side heater 103 on the location behind the smaller one. 
In aceofdance with the ink jet recording method of the present embodiment, the snnailer heater 102 is driven at first. 
Then, after that, the larger heater 103 is driven by mean sot the driving circuit (not shown). For the present embodiment 
the drh^lng timing of both heaters 102 and 103 i« set preferably at equal to or more than 15 |is with inten/als of 15 to 

« 30 ps. A3 to this driving timing, the description will be made later. 

[0101] The applicant hereof has measured the cfischarge speed v, the Ink discharge amount Vd. and the driving 
frequency tr when the driving timing is made changeable for both heaters 102 and 103 vgriously. The result Is shown 
In Figs. 16A to 16C. Here, in Fig. 16A, the second ink droplet is Indleaied by dotted lino, which shows the discharge 
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condition where the first ink droplet io not separated from the second ink droplet. In accordance with the result shown 
in Pigs. leA to 1 6C, there ts the delay timing (inten/al) as 1o the heater 103 which is driven later than the heater 102 
which haa been driven earlier. If such delay is within a range at approximately 15 [is of more, the difference is 30 pi 
between the maximum value and the minimum value of the ink discharge errtount Vd. However, Iho diacharge speed 

5 V and the driving frequency fr are comparatively high, and the fluctuation width is smaller. Therefore, by setting the 
tinning arbitrarily wrthin this range, it becomes poeelble to change the ink discharge amounts Vd without varying the 
discharge speed v and the driving frequency f r too much, that ie, without affecting the print quality greatly, it is effective 
thai the rnk dieoharge amounts Vd shoukJ be changed within the interval range of approxtmatety 30^^ or lees. In this 
range, the discharge amounte are made changeable considerably. On the other hand, in the range cA interval being 0 

10 \i& (both heaters 1 02 and 1 03 are energized at the same time) to apprcKimately 1 5 ms, the fluctuation of the discharge 
epeed v and the driving fnequencsy is large. Therefore, the reauU is almost the same as the conventional example. More, 
in the timing chart illuGtratad in Pige. 1 BA to 1 BC, there is the caee where the driving pulse is applied to the heater that 
should be driven later after 15 ^ has elapsed since the application of the driving pulse to the healer that shoukJ t>e 
driven earlier (see Pig. 1 BB). There is also the case where the driving pulse is applied to the heater that should be 

IS ctnven later after 30 ^s has elapsed (see Fig. 18C). Here, the optin^l range lies between the^e two cases in consid- 
aratbn of the results of measurements conducted by the applicant hereof. 

[0102] Now, the description will bo further made of the required driving timing of both heaters for the demonstratbn 
of the effect described above. Fig. 17 is a graph which shows iho elapsed time since the front side heater has been 
driven, and the fluctuation of the ink meniscus on the nozzle opening edge. Pig. 17 shows the result of the observation 
£0 of the state until the vibration of meniscus is anenuated while the driving of the rear side ts at rest. The positive side 
of the meniscus is the amount thereof that expands extemaily from the discharge port edge, while the negative side 
is the amount thereof that refracts to the inner side of the discharge port edge portion. 

[0103] Here, in eeiCQrdanc& with the present invention, the meniscus means the stabilLjation point of the gas liquid 
intertacs in the discharge port portion. Since the stabilization point is the tip of the ink liquid column immediately after 

25 ink has been discharged (0 to 10 ^is), this po:nt is adopted and represented as such interface for the convenience' 
sake. As a result, the meniscus is positioned on the positive side immediately after the Ink discharge. After that, as the 
bubble id being contracted, the liquid column is constricted In the vicinity ot the discharge port. Then, one other stabi- 
lization point is created at the constricted position. This portion is defined as the meniscus. Here. arourxJ 10 to 15 ps 
range In Fig. 17, a discontinued portion takee place, in other words, for the present invention, the timing at the position 

so where the meniscus has been retracted from the discharge port edge is ©ubetantialiy equal to the liming at whi(2h the 
constriction occurs in the column of the discharged Ik^uld near the discharge port 

[01 0^ As described earlier, the present embodiment produces its effect TA^an tlie tinning difference is 1 5 jis or more. 
Here, in accordance with Fig. 17« this effective range lies during the period when the menisous Is on the negative aide, 
that isr when the heater on the rear eide is driven, while the meni^ue resides on the retracted position from the nozzle 
3S opaning edge. In this rasped. Fig. 1 7 shows that the meniscus la on the poaltivB side at the timing of BO ^ or more. 
Here, refemng to Figs. ISA to 16C, it is readily understandable that the discharge amount does not change notteeably 
at the timing of 30 iis or more, not to mention the range of 80 jas or nnore, where no essential effect is obtainable ae 
described earlier. 

[0105] Conceivably, the reasons why the discharge amount varies depending upon the driving timing of the heater 
4o are as given below for the present invention. In other words, whan the meniscus is caused to retract following the 
contraction of the bubble which has been developed by the driving of the frcxit heater, the rear heater is driven to 
perform bubbling, Then, the discharge force of such bubbling is offset by the retracting speed of the meniscus, whch 
makes the discharge amount smaller. If the timing is made slower, the retracting speed of the meniscus is attenuated, 
thus enabling the discharge amount to Increase. Afterthat, the discharge amount Is increased more when the meniscus 
4£ is restored. Here, the changing amount becomes moderate. 

[0106] Further, in accordance with the present embodiment, when the bubble, which has been developed by the 
earlier driving of the heater on the front side, is contracted, the flow resratance (inertance) is smaller in front of the 
heater than the flow resistance In back of the heater when the rear side heater is driven. A© a result, the meniscus is 
retracted greatly. Then, by driving the rear heater when the meniscus is retiBCted and restored, it becomes possible 
SO \o modulate the ink discharge amount considerably. Essentially, it is effective to drive the rear heater during the period 
when the meniscus resides on the retracted position from the nozzle opening edge. 

[0107] As clear fn^m Figs. 1 6A to 1 60. if the formation step is set, by the application of the preserrt embodlm^rrt, at 
the timing of approximately is in order to produce pixel having a smaller ink discharge amount, while the formation 
eiep is set at the timing of approximately 15 ps to produce pixel having a larger Ink discharge amount in response to 
BB the recording signals, for example, ii becomes possible to perfonm me gradationai recording effectuated by the larger 
and emaller dots in accordance with the recording eignals^ thus providing stabilization for the print quality without 
changing the discharge speeds and trequenoies oonsk^ierably in both steps. With the timing being made more multiple, 
it becomes possible to perform a multi^radatlonal recording in good condition. 
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[0108] Alfio, when forming smaUer dot pixete, only one heater is driven, and when forming larger dot pixels, tha liming 
is set with reference to Figs. 1 GA to 1 6C so as not to make the discharge speed loo great as compared with the driving 
of one healer lor the formation of the smaller dot pixels. In this way, the same effect is obtainaDle as described earlier. 
In this case, whan the two healers are driven to form the larger dot pixels, the tnk discharge amount becomes larger 
5 than that of the smaller dot pixels to be fomned by driving one heater. Also, to form the smaller dot, only one heater is 
drivan, hencs implementing ih© energy saving. 

[0109] With the adjustment of driving timing of both heaters as described above, ll becomes possible to overcome 
th© difficulty mat thG conventional art has encountered in the recording to be executed at the timing of apprcximatety 
30 MS with tho sufficient Ink discharge amount (40 pi) at the discharge speed which is not too high (a m/s), for example. 

1Q When the two h eaters are driven at a time (with the delay time 0 ms), the ink discharge amount of 40 pi is also obtainable. 
However, the discharge speed becomsB 12 m/s ai which the problem of splashing tends to occur more often. 
[0110] With the timing being sat at approximately 15 ps, it may be possible to record at comparatlveiy higher speed 
with a smaller amount of ink discharge. Here, when the larger heater on the rear.side is driven earlisr than the smaller 
heater on the front side, ft is possible to obtain a larger discharge amount Vd without making the discharge speed v 

IS too fast. 

[0111] In this respect, Fig, 19 is a view which shows the nozzle 101 in aocordancs with another embodiment. As 
shown in Fig. 19. th9 front side heater i02 and the rgar side heater 103. which ars configured to be long and narrow, 
are arranged shiftingty. 

[0112] In accordance with the present emlxxSimont. when printing signals are received, the front side haater 1 02 is 

SO at fir«t driven by the driving circuit (not shown). Then, the rear side heater 1 03 is driven when 20 \X8 has elapsed. Here, 
Figs. 20A 10 20F are views which schematically illustrate each state of inic and bubble in the nozzis 1Q1 of the present 
embodiment as the time elapses. In Figs. 20A to 20F, there are indicated the elapsed time since the start of driving 
the front side heater 102 in each of the events, respeotivoty. Fig. 20A shows the state before heaters are driven, and 
when the front side heater 1 02 is drfven, film boiling taKes place in ink to create a bubble 1 04a. By the bubbling pressure 

2S ' exerted by this bubble 104a. ink discharge begins at the discharge port (see Fig. 20B). 

[0113] After that, when the expansion of the bubble made by the front heater 1 0a is settled, and the contraction of 
the bubble 104a begins (see Fig. 200), the constriction occurs on the ink liquid column at the discharge port portion. 
Then the meniscus is formed. The ink droplet 1 05, which is being discharged from the nozzle, advances fonward without 
any retractk)n (at this point, the volume of the ink droplet 105 Is approximately 10 pi and the discharge speed ie ap- 

$0 proKtmatoly 7 m/s). Any other ink than this droplet is drawn In from the discharge port along the contraction of the 
bubble 104a due to th© bubbling pressure thereof. Thus, tho meniscus I05b is retracted from the nozzle opening 
portion 101a Then, after 20 )us has elapsed since the driving of the front side heater 102. the rear side heater 103 is 
driven. Thus, a bubble 104b Is created with heating given by the heater 103 (see Fig. 20D). AJ this juncture, th© con- 
traction of the bubble 104a and the expansion o1 the bubble 104b make progress simultaneously As a resuK, the ink 

35 suctbn due to the contraction of the bubble created on the front side is offset by the expansion of the bubble 104b 
which has been created on the rear side. Here, moreover, since th© rear side healer 1 03 is larger arxJ the actton thereof 
Is greater, ihe expansion of ihe bubble 104b functions not only to offsot the contraction of the bubble I04a, but also, 
enable the meniscus i05b to advance again. Thus, the second liquid droplet portion 105c is fornied on the trailing end 
of the first liquid dTt>plet portion I05a of the ink droplet 105, Here, for the convenience' saKe, the larger diameter portion 

40 of the ink droplet fonned by the driving of the front side heater 1 02 Is indicated as the first liquid droplet portion I05a, 
and the larger diameter portion of the ink droplet formed by the rear side heater 1 03 as the second liquid droplet portion 
105c. However, in accordance wrtth the present embodiment^ the second liquid droplet portion 105c is formed before 
the tail section of the first liquid droplet portion 105a is cut off in the nozzle 101 . Therefore, the Ink droplet 105 becomes 
the one having the larger diameter portlcn like a knot in two locations thereof. 

^ [0114] After that, the bubble 104a is made extinct, while the bubble I04b is continuously expanded. Then, the ink 
droplet 1 05 further advances (see Fig. 20E). When the bubbl e 1 04b is contracted after having expanded, th© Ink drop let 
105 is cut off from ink In the nozzle 101 , and the meniscus 105b is retracted [see Fig. 20F). Since tne second liquid 
droplet portion 105c is created In the stats where the meniscus 105b has comparatively retracted, and its advancing 
spsed is fast. Therefore, It catches up with the first liquW droplet portion 105a in tha ink droplet 105. The ultimate 

BO discharge amount of tho ink droplet 105 ie approximately 90 pi. and the discharge speed is approximately 8 w/s. 

(Embodiment 4) 

[0115] Now, with reference to Figs. 21 A to 21 F. the description wll be made of a fourth embodiment in accordance 
^ with the present invention. 

[01 16] In accordance with the present embodiment, after 25 MS has elapsed since the driving of the front side heater 
102. the rear side heatsr 1 03 is driven. In Figs. 21 A to 2i F, there are Indicated the elapsed time since the start of 
driving the front side heater 102 in each of the events, respectively. Fig. 21 A shows the state batore heaters are drh^en, 
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and whan tho front side hearter 102 is driven, film boiling takes place In ink to create a bubble 106a. Then, as in the 
third embodiment, the bubbte 106 is gradually expanded to begin the ink discharge (see Rg. 21 B). After that, whan 
the expansion of the bubble by the front heater 1 02 le eottled, and the contraction of the bubble 1 06a begins (see Fig. 
21 0). At this ivncture, the ink droplet (a first ink droplet) 107a ie di^arged from the nozzle. Ink renrvainlng in the nozzle 
6 is drawn }n along the contraction of the bubble 106a The meniscus 107b id retracted from the nozzle opening edge 
101a. 

[01 1 7] Then , after 25 has elapsed since the driving of the from side healer 1 02, the roar s We heater 1 03 is driven 
to create a bubble 1 06b with heating given by the rear aids heater 1 03 (see Fig. 21 D). At this Juncture, the bubble 1 06a 
ia extinct. Here, the rear side heater 1 03 is larger and the action thereof is greater, and ae the expanskin of the bubble 

10 106b advances, the meniscus 107b makes progress forward again. Then, the second ink droplet I07c Is discharged 
behind the tirsi ink droplet 1073. The speed of the second ink droplet 107c is approwmately 9 as clear from Fig. 
16A, which is faster than the speed of the first ink droplet 107a. Therefore, the second ink droplet catches up with the 
first Ink droplet so that both ink droplets l07a and 107c are combined (are made one body) (see Fig. 21 E). 
[0118] After thai, the bubble 1 06a is contracted and made extinct soon. Along with this extinction, the meniscus 108 

IB Is retracted. At this juncture, the combined ink droplet 1 07 flies substantially at the earn© epsod as the first ink droplet 
107a (see Fig. 21 F). 

[011 9] In this respect, the amount of meniscus 1 07b, which is retracted after the completion of the ink discharge as 
described above, may exert influence on the next ink discharge. However, this retracting amount of meniscus is de- 
termined by the balance betv/een the inertance (flow path resistance) on the front side and the inertance on the rear 
so sWe of the heater in use when the disappearing takes place on the rear side heater. Therefore, if the front side Inertance 
(flow resistance) is greater as in the present embodiment, the retracting amount of the nr)eniscus becomes smaller. 
Then, the printing frequency Is enhanced. 

(Embodiment 5) 

2S 

[0120] Now, the description will bs made of a tfiscbarge rinethod whteh ie particularly effective when diecharging 
smaller liquid droplets. 

[0121] Hereinafter, w'rth reference to the accompanying drawings, the description will be made of a fifth embodiment 

in accordance with the present invention, 
so [0122] Fig. 22 is a view which ehowe a nozzle 101 used for ink dischargee in accordance with the fifth embodiment 

hereof. In th e nozzle 1 01 , there are arranged a rwurower front side heater 1 02 on the nozzle opening edge side 1 01 a. 

and a wider rear side heater 103 on the loeaiion behind it. For the ink jet recording method of the present embodiment, 

the front side healer 1 02 is, at first, driven by a driving circuit (head driver), which v»^ll be described later, when printing 

eignala are received. Then, after that, the rear side heater 1 03 is driven. In accondanca with the present embodiment, 
35 the driving timing for both heaters 102 and 103 is set in a range of 10 to 15 ^s or preferably, in a range of 11 to 14 ^6 

apptoximately. Optimally, a single voltage pulse of 4 |xs wide should be applied at intervals of 12 [is approximately. 

Now, the description will be made ot this driving timing. 

[0123] The applicant hereof has measured the ink discharge speed v, the discharge amount Vd, and the refilling 
frequency f r wrth the driving timing of both heaters 1 02 and 1 03 being made changeable. Further, the voluminal changes 

40 of bubble after bubbling is observed wrlh the results indicated in Figs. 23A to 23D. 

[0124] In accordance with such nr>eQ3ur©mant and observation^ when the delay timing (interval) of the heater 103 
which is driven later than the healer 102 which has been driven earlier is in a range ofio to 15 ps, particularly in the 
range of 12 |X6, the discharge speed v is comparatively large (approximately B m/s), and the refilling frequency is 
substantially at the maximum value (1 3,5 to 13.8 kH2 approximately), while the ink discharge amount vd is kept sub- 

4S stantlally at the minimum value (1 0 pO. Therefore, if the timing is set within this range, it becomes possible to form fine 
dots, each with a smaller amount of ink at a higher discharge speed, and a higher refilling frequency as well. 
[0125J In contrast, If the timing is 0 fis (tv«> heaters are driven at a time), the ink discharge amount Vd is larger 
(approximaleiy 40 pO. and the frequency fr is extremely lower (approximately 10 kHz), although th© discharge speed 
v is faster (approximately 12 m/e). In other words, the retracting amount of the meniscus becomes greater after dia- 

50 charge, which necessitates an extra time for refilling. Therefore, a kxtgar interval of the ink discharges should be 
provided so as not to perform any higher printing. Also, in a timing range of Ops or more to approximately 10 the 
discharge speed v and the frequency f r are made kmver and any significant effect is not anticipated any longer, although 
the ink discharge amount Vd is gradually made smaller. On the other hand, if the timing exceeds 1 5 pa, the discharge 
amount Vd becomes greater abruptly, while the frequency fr Is made lower. Therefore, any higher printing cannot be 

BB attained, either 

[0120] In this respect when only the front ekJe heater 102 is driven, the dischiarge amount is 10 pi, the discharge 
speed Is B m/s, and the refillingf requency is 10 kHz, approximately Only the rear side heater 103 Is driven, the discharge 
amount is 30 pi, the discharge speed is 1 0 nrVs. and the refilling frequency is 1 4 kHz, approximately. From these findings. 
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the discharge spaed cA appraxrmatefy 8 m/s with the delayod drivine by approx^matoty 12 jis is fasler than thai o1 the 
drivingortly by the front side heater 102. Here, rt te conceivable that the larger size ot the rear side heater 1 03 contributes 
to the preser^iation of this faster speed. 

[0127] With all these aspects in view; it becomes possible to print at higher speeds by minimizing the discharge 

B amount Vd substantially, with the timing being set in a range of 10 to 15 ms. Particularly, In a liming range of 11 to 14 
this effect 16 obtainable most remarkably. 
[01 281 ^9- 23D showG the voluminal ratio between the development and contraction of the bubble after the creation 
of the bubble and on subsequent to the front side heater 102 having been driven, in accordance wfth duch ratio, the 
volume of the bubble becomes maximum, that ie. (Vb / Vbmax = i ), approximateiy in a range of 1 0 to 1 5 fie after the 

JO front side heater 1 02 has been driven. The observation on this aspect will be given below 

[0129] At first, the healer (here, the front side heater 102) is driven to create a bubble for discharging Ink. Then» 
alpng with the contraction (extinction) of the bubble, ink around the bubble is drawn in. and at this juncture, a bubble 
is created by driving the rear side heater (here, the rear side heater 103). Then, the contraction and disappearirvg of 
the previous bubble is offset by the creation and development of the later bubble, in other words* in s^chronrsm with 

IS the contraction ot the previous bubble, the later bubble is developed. In thid manr^er, the total volume of bubbles Is 
kept constant in a cenain period of time. During such period, inK scarcely flows. Consequently, the retraction of the 
meniscus, which is cased by the ink being drawn into the Interkir of the nozzle, ie made smaller 
[0130] The function of the driving method of the present Invention may be defined as the adjustment of a refilling 
frequency to the one that may be obtainable when only the poet-driving heater is driven. As described above, it is 

20 conceivable that the meniscus controlled by means of the post-driving heater functions to govern the refilUng frequency 
of this method. 

[0131] Particularly, when the front side heater 102 is driven earlier, and the rear side heater is driven later, the ink 
droplet is discharged at faster discharge speed v^rt^en the front side heater 102 (6 driven, because the inerianoe (flow 
path resistance) of the front side heater 1 02 is smaller in front of it, while the inertance is larger in back of it. As a result, 

2S the inverted flow of Ink toward the rear side can hardly take place. Also, the inertance in tront of the rear side heater 
103 is larger, while the inertance in back of it Is smaller. Therefore, when the bubble created by the driving of the rear 
Side heater 103 is contracted to disappear, ink on the rear side is drawn more than that on the front side. As a result, 
it becomes possible to supprese the retraction of meniscus which fe caused by the drawing of ink on the front side. 
Here, then, with ink being drawn from the rear side, the effk^iency OT refilling (ink refilling) is enhanced. In this way, 

90 even compared with the Ink discharge periormad by use of the front side healer 102 akMie, refilling frequency id en- 
hanced to make prirrting possible at higher speeds. Here, on the contrary, the Influence of the creatton and devalopmont 
of rear side bubble is abdort:>ed by the contraction and disappearing of the front side bubble. Ae a result, there is no 
possibility that the Ink droplet Is discharge externally from the nozzle opening edge even when the rear side heater 
103 is driven. 

3S [0132] In accordance with the present Invention, the higher printing is attained on the basis of euch principle as 
described above. It Is necessary to arrange the contraction and disappearing ot the front side bubble to be effectuated 
In synchronism wrth the creation and development of the rear side bubble. Tothie end, it is desirable to set the timing 
so that the bubble is created with heating by the rear side heater in a state where the bubble which has been created 
earlier presents the maximum volume, and thereafter, the bubble may take its course of contraction only. In this way, 

4o by driving both heatere with the <ieviated timing, it becomes possible to enhance the refilling frequency in order to 
ot>tain images in higher quality at higher speed, while maintaining the ink discharge amount smaller. 
[0133] In this respect, Fig. 24 shows The nozzle in accordance with another embodiment of The present Invention. 
This nozzle lOl is provided with a smaller front side heater 102 and a larger rear side heater 103, which are arranged 
in series on the tront and back sides, respectively. In this case, the obtainable effect Is the same as in the case repre- 

46 sentod in Fig. 22. Also, Fig. 25 shows the no22le In accordance with still another embodiment of the present invention. 
For the nozzle 1 01 , there are provided the front side heater 1 02 and the rear side heater 1 03 in the same configuratk?n, 
but these heaters ane partly deviated in Its anangement. In this case, the discharge speed v does not change so greatly 
as in the case represented in Fig. 22. 

[0134] Also, the driving pulses may be not only the single pulse as described above, but may be double pulse, or 
so may be the complex pulse formed by them together. 

[013BJ Also, each ot the heaters shown In Fig. 22, Fig. 24. and Fig. 25 can be driven indivklually It is preferable to 
unify the bubbling initiation voltage so thai any one of them can be driven by the application of one and the same driving 
voltage. For that matter, the ler>gth of each heater Is made eubstantially equal. 

[0136] As to the sizes of the heaters, the front side heater (nearer to the discharge port) is made smaller than the 
one on the rear side (father away from the discharge port] or it le preferable to make them substantially the eame. 
[0137] Fig. 26 is a graph which shows the relationship between the Ink discharge amount Vd and the discharge 
speed V with respect to the distance OH from the discharge port of the heater when one heater is driven independently, 
and which also shows the product of the area So of the discharge port and the distance OH together 
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[0138] In Fig. 26. the singular points a and b ars rggulated. and the diatance OH i8 divided into three areas; thQ area 
equal to or more than a is designated a& A; the area equal to or less than b, as B; and the area between a and b, o. 
The characteristic tendency of each area is: in the area S, the discharge speed v and the discharge amount Vd are 
substantially proportional as the distanco OH \b mcreased, and the v/ Vd is almost constant; in ths area B, the discharge 

s an>3unt Vd ie almost proportional to the product of the discharge area So and the distance OH, and the discharge 
speed V ie inversely proportbnal. Then, the v / Vd ie reduced as the distance OH is irTcreaeed; and in the area C, the 
diecharga amount Vd is almost constant. From the characteristic tendency described above, if twoheatere are arranged 
in one flow path with eUiention givon to the discharge amourrt Vd. for example, it ie preferable to arrange the front side 
heater In the area B, and the rear aide heater In the area A so that the dieoharge amount Vd becomes almost the same. 

10 [01 3d] Also, each of the above areas may be defined as given below with attention given to each of the discharge 
amounts Vd and the discharge epeede v, respectively. 

<From the Viewpoint of the Discharge Amount Vd> 

IB [0140] 

Area A: The zone in which the discharge amount Vd ie reduced as the distance OH is increased. 
Area B: The zone in which the discharge amount Increases almost in proportion to the distance OH. 
Area C: The zone in which the discharge amount Vd is almost constant with reapoct to the distance OH. 

SO 

<:Fram the Viewpoint Of the Discharge Speed v> 

[0141] Over all zones, the discharge speed v is made elower along with ths Increase of the distance OH. Particularly 
in the area c, its changing amount becomes moderate. 
2S [0142] As to the heater positions, it is preferable to position the front side heater in the area B. Tlien. It becomes 
poseible to discharge finer droplets at higher speeds. 

[0143] In accordance with the presant ambodiment, when printing signals are received, the front heater 102 is at 
first driven by the driving circuit (not shown). Then, the rear side heater 103 is driven when 1 2^is has elapsed. Here, 
Fi^. 27A to Z7F are views which schematically illustrate each stale of InK and bubble in the nozzle 101 of the present 
36 embodiment as the time elapsee. In Figs. 27 A to 27F, thore aro indicated the elapsed time since the staa of driving 
thd front side heater 102 in each of ths events, reepectively. Fig. 28 shows the driving pulse A of the front side heater 
102, and the driving pulse B of the rear side heater 103 as well. 

[0144] At first, when the front side heater 102 is driven, film boiling takes place in ink to create a bubble I04a {see 
Fig. 27 A). By the bubbling pressure exerted by this bt^ble 1 04a. ink diecharge begins at the discharge port (sea Fig. 

3S 27B), and the bubble is being developed. 

[01 45] Although not shown in Figs. 27A to 27F, at the timing of 1 2 ^s where the maximum volume ot the bubble 1 04 
is essentially kept, the rear elde heater 103 is driven- After thai, when the devetopment of the bubble by means of the 
front side heater 1 02 is settled, and the contraction of the bubble 1 04a begins, a bubble 1 04b which has been developed 
with heating by the rear side heater 10S Is increase at the same time (see Fig. 27C). At this juncture, the ink droplet 

4o lOS. which is being discharged from the nozzle 101, advances forward without any retraction. The bubble 104a has 
already begun to be contracted, and the force that draws in the surrounding ink Is activated. However, the pressure 
exerted by the bubble 104b acts upon the surrounding ink to push it out externally As a result, both of them is offset 
with each other, in other words, aKhough Ink moves only in the extremely limited space in the gap between bubbles 
I04a and 1 04b, there is no particular Irrflgenip© tp ba exerted upon ink re&ldhng in front of the front side heater 102 and 

45 In back of the rear side heater 103. As a result there is no significant fluctuation to occur. AJ this juncture, there is 
almost no retraction of the manrscus, either. As shown In Fig. 27D, the situation Is the same even when the bubble 
I04a is almost extinct, and the volume of the bubble 104b becomes almost maximum. 

[0146] Then, as shown In Figs. 27E and 27F. after the bubble I04a has disappeared, the bubble 104b is contracted 
to disappear, thus acting Upon the surrounding ink to bo drawn in. However, as described earlier, since the Ineriance 

so in front of the rear side heater 103 Is larger than the inertance in back of the rear side heater 103, the Ink suction force 
exerted by the contraction and disappearing of the bubble I04b acts upon the rear portion of the nozzle rather than 
the front portion thereof. In other wordd, the ir^k 6uctk>n force exerted by the contraction and disappearing of the bubble 
104b has the promotional effect on the refilling (ink refilling) rather than on the retraction of the meniscus. In this manner, 
in accordance with the present embodiment, the refilling frequency is enhanced to make higher printing possible. Aleo, 

^ the front and rear Inertancas of the rear side heater 103 maintain the relationship as described earlier. Therefore, the 
tMJbblIng created by the rear SKie heater 103 does not contributa excessiveiy to the Ink discharge from the nozzle 
opening end directly. 
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(Embodimeni 6) 

[01 47] Fig. 9 td a View which shows a sixth embodiment in accordance with the present invention. The liquid discharge 
head te provided with a plurafity of heerters in ihs nozzles, respectivety, which are arranged in parallel with the flow 

5 path direction al the sanrie position (the distarvje OH from the edge of the heater on the discharge port side to the 
discharge port ie equal to each of them), each havins the earns configuration, resistance, and area, raspcctively. Fig. 
10 is a graph which sl^we the relationship between the discharge epeod and the discharge volume Vd, which 
are obtained tyy deviating timing of iheso heaters attogethar. Ths graph is the same as a whole as ihe one described 
In conjunction with Fig. 8. As readily understandable ffiom Fig. 9 and Fig. 10. when the timing is deviated lor tha same 

to heaters In the same positions, the left and right ones {± timing) become symmetrical. Therefore, either one of them 
may be able to sen/e as reference. It is of course within the scope of the present invention if thasa heaters are made 
difforont and arranged in parallel with each othor or the arrangement thereof is deviated, respectively, (including the 
case that the heaters are adjacent to each other in the position where the flow paths direction is locally present). 

(The Liquid Discharge Head Cartridge) 

[0146J Now, the description will be made briefly of a liquid discharge head cartridge provided with the liquid discharge 
head of the above embodiment which is rrwunted on it. 

[0148] Fig. 11 i« an exploded perapsctive view which achematiealiy shows the liquid discharge haadcartridgo. Brigfly 
SO ihls liquid discharge head cartridge is mainly formed by a liquid discharge head unit 200 and a liquid container 5S0. 
[OlCp] The liquid discharge head unit 200 comprises an elemental substrate 50i, separation walls 530, a grooved 
member 550* a pressure spring 57B, a liquid supply member 590, and a supporting member 570, amcjng soma others. 
On the elemental substrata 501, a plurality of heat generating resistors are arranged in lines, and also, a plurality o( 
functional devices are arranged in order to drive these heat generating resistors selectively This elemental substrate 
«6 501 and the grooved ceiling 550 are bonded to form discharge flow paths (not shown) for distributing discharge liquid 
to be discharged. 

[CM SI] The pr^eeure spring member 57B provides the grooved member 550 with biasing force acting in tha direction 
toward the elemental subetrate 601. With this biasing force, the elemental substrate 501. the grooved member 550, 
as well as the supporting member 570 which wfll be described later, are integrally fornied together in good condition. 

30 [0152] The eupporting member 570 supports the elemental eubetrate 501 and othiers. On this supporting member 
570. there are further provided a circuit board 571 connected with the elemental subetrate 501 to supply electric signals, 
and a contact pad 572 which is connected with the apparatus side to exchange electric signals with the apparatus side. 
[0163] The liquid container 590 retains in It cischarge liquid such as ink. On the outer aide of the liquid container 
590, the positioning unit 594 is provided for the arrangement of a connecting memberthat connects the liquid discharge 

3S head and the liquid container, and the fixing shafts 595 is provided lor fixing such connecting member. The discharge 
liquid is supplied to the liquid supply path 581 of the liquid supply member 5B0 from the liquid supply path 592 of the 
liquid container through the supply path 5B4 o1 the connecting member, and then, supplied to the common liquid cham- 
ber by way of the discharge liquid supply paths 5S3, 571, and 521 an-anged for each of the members. 
[0154] Here, for this liquid container, the arrangement may be made to use it by refilling liquids after each of them 
has been consumed. For that matter, it is desirable to provide an injection inlet of liquid for the liquid container. Also, 
it may be possible to form the liquid diecheirge head arKi the liquid container together ae one taody or form them eep* 
arable. 

(The Liquid Discharge Apparatus) 

45 

[0156] Fig. 12 is a view which schematically shows the structure of a liquid discharge apparatus having mounted on 
it a liquid discharge head described earlier. Here, in particular, the description will be made of an ini< jat recording 
apparatus that uses ink as discharge liquids. A carnage HC of the liquid discharge apparatus mounts on it a detachable 
head cartridge structured by a liquid tank unit 90 that retains ink and a liqukJ discharge head unit 200. The can-iage 
so redprocates In the width direction of a recording medium 150, such ae a recording paper sheet, which is carried by 
means for carrying a recording medium. 

[0156] When driving signals are supplied to the liquid discharge head unit on the carriage from driving signal supply 
means (not shown), recording liquid is discharged from tha liquid discharge headtothe recording medium in accordance 
with the driving signals. 

SB [0167] Also, tne liquid jet recording apparatus oT the present embodimem is provided with a motor 111 that ^er/et-s 
as a driving source, gears 112 and 11 3, a carriage shaft 115, and others that are needed for transmitting the power 
from the driving source to the carriage. By use of this recording apparatus afK) the liquid discharge method adopted 
therefor, it is possible toabtain irmges recorded in good condition with the discharge of Eiquid to various recording media. 



15 



PA(X 34/65 * RCVD AT 4/1 1/2006 2:52:47 PM [Eastern Daylight ^^^^ 



04/11/2006 12:52 18015727666 



RADER FISHMAN 



PAGE 35/65 



EP 0 894 625 A2 

[OIBfif] Fig. 1 3 is a block diagram which shows the entire body of the recording apparatus that performs ink jet re- 
cording with the application of the liquid discharge method and The liquid discharge head of the present Invention. 
[01 69] This recording apparatus receives printing information from a host computer 300 as control signals. The print- 
tnp information b proviskmatly hdtd on the input interface 301 arranged in the mterior of the recording apparatus. At 
s the same time, the printing information ie converted to the data executabfe by ti^e recording apparatue, and inputted 
Into the CPU 302 which dually serves as means for supplying head driving signals. On the t>asls of the control program 
stored on the ROM 303, the CPU 302 processes the data inpuned to the CPU 302 using the RAM 304 and other 
peripheral units, thus converting them into the data to be printed (image data). 

[01 eo] Also, the CPU 302 produces the nnoicr driving data to drive the driving motor to move the recording sheet 
10 and the recording head in synchronism with The image data thus produced. The Image data and motor driving data are 
transmitted to the head 200 and the driving mcrtor 306 through the head driver 307 and the motor driver 305, respectively. 
Then, with the controlled timing, the head and motor are driven eo that snages are formed. 

[0161] As the recording media which are usable by a recording apparatus of the Kind for the provision of Ink or other 
liquids thereon, there may be named various kinds of paper and OMR eheets, plastic material usable for compact disc. 
1^ ornamental board, or the lik^, textiles, metallic materials such as aluminum, copper, leather material such as cowhide, 
hog hide, or artificial leather, wood material such as wood or pfywood, bamboo material, ceramic material such as tiles. 

or three-dimensional structure such as sponge. 

[0162] Also, as ths recording apparatuses described above, there are included a printing apparatus that records on 
various papor andOHP ©heote, a rocording apparatus for use of recording on compact discs and other plastic matsrials. 
SO a recording apparatus for use ot recording on metal, such as a metallic plate, a recording apparatus for use of recording 
on leathers, a recoidlng apparatus tor use of recording on woods, a recording apparatus tor use of recording on ce- 
ramics, ar recording apparatus for vise of recording on a three-dimensional netting structure, such as sponge. 
[0163] Also, as the discharge liquid to be used for these liquid discharge apparatuses, it should be good enough to 
adopt the one that matches each of the recording media and recorcfing condHbna as well. 

25 

(Recording System) 

[0164] Now, the description will be made ol one example of the ink jet recording system whereby to record on a 
rocording medium using the above-mentioned liquid discharge head as Its recoroina head. 
30 [01 65] Fig. 1 4 is a view which schemati(^lty illuetratee the structure of the ink jet recording system using the liquid 
discharge head 201 ol the present invention. 

[0166] In accordance with the present embodiment, the liquid discharge head is a full line type head where a plurality 
Of discharge ports are arranged at intervals ol 350 dpi in a length corresponding to the recordable width ol the recording 
medium 150. Four liquid discharge heads, each one of them for use Of yellow (Y). niagenta (M). cyan (C), and black 
3S (Bk) color, are fhced and supported by a holder 202 in parallel with each other at given intervals in the direction X. 
[0167] To these liquid discharge heads, signals are supplied from the head driver 307. On ths basis of such signals, 
each of the liquid discharge heads is driven. 

[OlOfiG For each of the liquid discharge heads, four color ink of Y, M, C and Bk are supplied from each of the Ink 
containers 204a to 204d. 

40 [016Gq Also, on the lower part of each of the liquid discharge heads, there is arranged each of the head caps 20da 
to 203d having in It a eponge or some other ink absort>Qnt, respectively. When recording is at rest, each of the iiqukl 
discharge heads Is covered with each of the head caps in order to keep them in good condition. 
[0170] Here, a reference numeral 206 designates a carrier belt which constitutes carrier means for carrying various 
kinds of recording media as described earlier -for each of the emt>odiments. The carrier belt 206 is drawn around a 

45 gK/en path by means of various rollers, and driven by driving rollers oormeotod with a motor driver 305. 

[0171] In this respect, the description has been made using a full line head as the head. However, the head is not 
necessarily limited to the full line type, it may be possible to adopt a smaller liquid discharge head whteh is arranged 
to b© in a mod© that recording Is pertormed by carrying such head in the width direetksn of a recording medium. 
[01 72] Of the ink jet recording methods, the present Invention is particularly effective In applying it to the ink iet head 

so and recording apparatus which utilize thermal energy. 

[0173] Regarding the typical structure and operational principle of such method, It Is preteraoie for the present In- 
vention to adopt those which can be implemented using the fundamental principle disclosed In the specifications ol U. 
S. Patent Nos. 4,723,129 and 4,740.796, for example. This method Is appHcable to the so-called on-demand type 
recording system and a continuous type recording system as well. However, particularly in the case of the on-demand 

ss type, discharge signals are supplied from a driving circuit to electrothermal converting members disposed on a liquid 
(ink) retaining sheet or liquid path, and in accordance with recording Infomiation, at least one driving signal is given In 
order to provide recording Iqurd (Ink) with a rapid temperature rise so that film boUing, which is beyond nuclear boiling, 
is created in the liquid, thus generating thermal energy that creates film boiling on the thermoactivB surface of the 
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TQcoTiding head. A» a result. abubbl9 is formod in liquid (inlc) by this driving signaf one to one. Thie metiiod le. therefore, 
pariiculariy effective for the on-demand type recording method. By the development and contraction of the bubble, the 
nquld (ink) l9 diecharged from each of the discharge ports to produce at team one droplet. Tlie driving signal is more 
preferably In the form pf pulsus because the development and contraction of the bubble oein effectuated inetaota- 
5 neously and sppropriately. The liquid (ink) 18 discharged with quicker response. The driving signal in the form of pulses 
Is preferably such as discloeed In the specifications of U.S. Patent Nos. 4,463,359 and 4,345.262, In thie respect^ the 
temperature Increasing rate of the thermoactive surface is preferably such as discloeed in the specificatkxi of U.S. 
Potent No. 4,313,124 for an oxcollgnt recording in a better condition. 

(Of 74] The structure of the recording head may be as shown in each of the above-mentioned specifications Vkrtierein 
w the structure is arranged 10 combine the discharging openings, liquid paths, and the eiectrothermal converting members 

(linear type liquid paths or right-angied liquid paths), as well as maybe such structure as disclosed in the specifications 

of U.S. Patent Nos. 4.55B.333 and 4.459.600 in which the thermal activation portions are arranged in a curved area. 

All of these structures are within the scope of the present invention. In addition, The present invention is effectively 

applicable to the siruclure disclosed rn Japanese Patent Lald-Open Application No. 59-123670 wherein a common slit 
IS is used as the discharging openings for plural electrothermal converting members, and also, to the structure disclosed 

in Japanese Patent LBid-Open Application No. 59-138461 wherein an aperture for absorbing pressure wave of the 

thermal energy is formed corresponding to the discharge ports. 

[0175] Furthermore, as the mode of the recording apparatus of the present invention, It may be possible to adopt a 
copying apparatus combined with a reader, in addition to the image output terminal for a computer or other information 
20 processing apparatus. Also, It may be possible to adopt a mode of a facsimile equlpmertl provided with transmitting 
and receiving functbns, among some others. 

[0176] As described above, in accordance with the present invention, a plurality of electrothermal converting mem- 
bers thus provided is driven one after another to make the discharge amount changeable with substantially constant 
discharge speeds of droplets for the respective difference of driving timing in a driving condition within a range whkrf^ 

2S enables the amount of diopleta to change. Then, it becomes possible to change discharge amount, while maintaining 
the flying speeds of ink droplets substantially constant when arriving at the surface of a recording medium. In this way, 
high quality prints can be obtained without daviatron of Impact positions irraspective of the dot diameters, larger or 
smaller. Further, even when aach of the ink droplets formed by a smaller amount of discharge ink Is discharged from 
the nozzle and orifice capable of providing a larger discharge amount, such problems as twisting and disabled dis- 

^0 charges may scarcely be encountered, because the discharge speed is not made slower 



Olotma 

3B 1. A liquid discharge method for discharging liquid by use of a liquid discharge head provided with a liquid discharge 
nozzle having a plurality of electrothermal convening mambers capable of forming a bubble tor discharging a liquid 
droplet, comprising the step of: 

using a driving condition in a range making the discharge speed for the liquid droplet substantially constant, 
and aiso, malqng the amount ot liquid droplet changeable as the timing difference of driving timing whan the liquid 

40 droplet is discharged by driving a plurality of said electrothermal converting members one after another. 

2. A liquid discharge method for a liquid discharge head, according to Claim 1 . wherein said timing difference Is In a 
range making the discharge speed of droplet substantially constant, and also, enabling the discharge amount to 
lake the minimum value to the maximum value thereof when liquid is discharged in a different discharge BrrK>unt 

45 using said electrothermal convening members altogether. 

3. A liquid discharge method for a liquid discharge apparatus for reoofding by discharging liquid to a recording medium 
by a liquid discharge head provided with a liquid discharge nozzle having a plurality of alectrotharmal convaiirng 
meiTibers capable of forming a bubble for discharging a liquid droplet, ccmiprising the step of: 

BO using a driving condition in a range maKing the discharge speed for the droplet substantially constant, and 

also, making the amount of droplet changeable as the timing difference of driving timing when a droplet is dis- 
charged by driving a plurality of said electrothermal converting members one after another, and said timing differ" 
ence being in a range enabling the discharged droplet to be formed as one dot on the surface of said recording 
medium. 

s$ 

4r A liquid discharge method for a liquid discharge apparatus according to Claim 3, wherein said timing difference is 
In a range making the discharge speed of a droplet substantially constant, and also, enabling the discharge amount 
to take the minimum value to the maximum value thereof when liquid is discharged in different discharge amount 
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using said electrothermal converting mennbers altogether. 

5. A liqujd dischargs method for a liquid discharge apparatus according to Claim 3, wherein said timing diffsrencs Is 
In © rgnge enabling a second liquid droplet discharged by a eocond pulae for driving elecstrothdrmal converting 
5 members other than the electrothermal converting member driven by a first driving pulse to catch up and collide 

with a first liquid droplet discharged by a first pulde for driving said eledrothemaal converting member of a plurality 
of them t>efare arriving act th e surface of a recording medium, and to impaot on the eurfaoe of eaid recording medium 
a& one droplet 

10 6. A liquid discharge method for a liquid discharge head according to Claim 1 . wherein when the meniscus formed 
on the discharge port by a first liquid droplet discharged by a first driving putee for driving any one of said plural 
electrothenrrial converting members lies behween the discharge port and the electrothemaal converting member, a 
second driving pulse lor driving the electrothermal converting member other than the eleetrothermal converting 
member driven by &aid ffret driving pulse ie applied. 

IS 

7, A liquid discharge method for a liquid discharge apparatus according to Claim 3, wherein when the meniscus 
termed on the discharge port txy a first liquid droplet discharged by a first driving pulse for driving any one of saJd 
plural elsctrothsrmal converting members lies between the discharge port and the electrothermal converting menr>- 
bor, a driving pulee for driving to ihe electrothermal converting member other than the electroihermal converting 
BO member driven by said first driving pulse is applied. 

a. A liquid discharge method for a liquid discharge head according to Clarn 1 , wherein a first driving pulae for driving 
any one of said plural electrothermal converting members, and a second driving pulse for driving the electrothemial 
converting member other than the one driven by the application of eaid firet driving pulse are in different configu- 

rations. 

9. A liquid discharge meihod for a liquid discharge apparatus according to Claim 3, wherein a first driving pulse for 
driving any one of said plural electrothermal converting members, and a second driving pulse for drrving the elec- 
trothermal converting memt>er other than the one driven by the application OT eaid ftret driving pulse are in different 
^ oonfiguraticne. 

1 a A nquld discharge method fora liquid discharge head according to Claim 1 , wherein a plurality of said alectrotharmal 
converting members are arranged bi series in the direction of liquid flow in the liquid flow palh. 

95 11. A liquk:! discharge method for a liquid discharge head according to Claim 2, wherein a plurality of said electrothermal 
converting members are arranged ir^ parallel In the direction of liquid flow hi the liquid flow path. 

12. A liquid discharge method for discharging liquid by use of a liquid discharge head provided with a Rquid discharge 
nozzle having a plurality of electrothermal converting members capable of forming bubbles for a discharging a 
40 liquid droplet, comprising the step of: 

difforsnllaling the driving tinriing lor driving any ones of said plural alectrothermal converting members SO as 
not to create an axtennal direction of the liquid velocity component generated by the bubble created by said eleo- 
trothermal converting member at a time on the discharge port. 

45 13. A liquid discharge method for a liquid discharge head according to Claim 12, wherein said driving timing tor driving 
any one of said plural electrothermal converting members fa dHferentiatsd so as to create the velocity corrponent 
in the external direction ot nozzle and the velocity component in the nozzle simultaneously on ttie discharge port 
on any one of said plural electrothermal converting members. 

SO 14. A liquid discharge method for discharging liquid in a different discharge amount by use of a liquid discharge head 
provided with a liquid discharge nozzle for discharging liquid by a bubble created by a plurality of electrothermal 
converting members, compnsing the step of: 

using a driving condition in a range making the discharge speed for droplets substantially constant, and also, 
making the amount of droplet changeable as the timing difference of driving timing when droplet is discharged by 

56 driving a plurality of said electrothsrmal converting members one after another 

1 S. A liquid discharge method for a liquid discharge apparatus for recording by discharging liquid to a recording medium 
in a different discharge arrxsunt by use of a liquid discharge head provided with a liquid discharge nozzle lor die- 
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charging liquid by a bubble created by a plurality o1 elactrcsthermal converting members, comprising tha step of: 
U6lng a driving condition'in a range making the discharge speed for a droplet substantially constant, and 
also, making the amount erf droplet changeable as the timing dinarancs of driving timing when the droplet is dis- 
charged by driving a plurality of said electrothermal converting membars one alter another, and said timing diffar- 
s encB being in a range en^llng the diechargad droplet to be formed as one dot on the surface of sakj recording 

medium, 

16. A liquid dlseharga method for discharging liquid in a diflarent discharge amount by use of a liquid discharge head 
provided with a liquid discharge nozzle for discharging liquid by a bubble created by a plurality of electrothermal 
10 converting membars, comprismg the step of! 

dinerenTiailnQ the driving timing for driving any one of eaid plural alectrothermal oorrverting m©ml>ars ao a$ 
not to create an external direction of the liquid velocity component generated by the bubble created by said elec- 
trothermal oonveftlng member at a lime on the discharge port. 

15 17. A liquid discharge method for a liquid discharge head using a nozzle provided with at least two eleclrothermaf 
converting members In the interior thereof for discharging ink from said nozzi© by driving said electrothermal con- 
verting members in accordance with a recording signal for recording one pixel, comprising the step of: 

discharging ink by eetting the timing of driving the other one of said electrothermal converting member sub^ 
sequent to one of them driven during the period of the meniscus of ink supplied in eaid nozzle being present In a 

20 position retracted Irom the opening end ol said nozzle. 

18. A liquid discharge method tor a liquid discharge head according to Claim 1 7, wherein ink is discharged by controlling 
eaid timing in accordance with the gradational Information contained In said recording signal for the formation of 
pixel having different ink amount. 

25 

19. A liquid discharge method for a liquid diechsarge head according to Claim 17, whefein said timing is delayed rela- 
tively during the period of said meniscus of Ink supplied in the nozzle being present in the positksn retracted from 
the opening edge Of safd nozzle for the formatbn of pixel having a larger amount of ink, 

30 20. A liquid discharge method for a liquid discharge head according to Claim 1 7 . wherein said alectrothermal converting 
member driven earlier is arranged on said opening edge side of eaid nozzle, and said electrothermal converting 
mernber drh^en later ie arranged on the rear side of said rwszzle. 

21. A liqukj discharge method for a liquid discharge head according to Claim 20. wherein said eloctrothermal converting 
35 member driven earlier is comparatively smaller, and eaid eledrothBrmal converting member driven later ie com- 

paratively larger. 

22. A liquW discharge method for a llquW discharge head using a nozzle provided with at least two etectroihermal 
converting members in the interior thereof for discharging Ink from said nozzle by driving said electrothemnal con- 

40 verting members in accordance with a recording signal for recording ana pixel, comprlsrng the steps of: 

forming pixel having a smaller amount of Ink by driving only one of elecirofliermal converting members in said 
nozzle to discharge Ink; and 

forming pixel tiaving a larger amount of ink by driving one of the two electrothermal converting members In 
4S eaid nozzle, and after that, driving the other one of eaid Blectrothemnal converting members to discharge ink 

for the formation of pixel having a larga amount of ink by the timing set during the period of the meniscus of 
ink supplied in saW nozzle being present in the position retracted from the opening edge of said nozzle. 

23. A liquid discharge method for a liquid discharge head according to Claim 22. wherein said elactrothermal converting 
«e member driven eariler is arranged on said opening edge side ot said nozzle, and ©aid alectrothenmal converting 

member driven later id arranged on the rear skle of eaid nozzle. 

24. A liquid discharge mathod for a liquid discharge head according to Claim 23, wherein said electrothennal converting 
member driven earlier is comparatively smaHer, and said electrothennal converting member driven later is com- 
fit paratively larger. 

25. A liquid discharge apparatus usir>g a nozzle provided with at least two electrothermal converting members in the 
interior thereof for discharging ink from said nozzle by driving said electrothermal converting members in accord- 
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ance with a recording signal fo*' rooording one pixel, comprising: 

means for discharging Ink by setting the ttming of driving the other one of eaid etectrolhennal converting 
member subsequent to one of them driven during the period of the meniscus of Ink supplied in said nozzle being 
present in a position retracted from the opening end of said nozzle. 

26. A liquid discharge apparatus according to Claim 25, wherein ink is discharged by controlling said timing in accord- 
ance with the gradational information contaJned In said recording signal for the Tormatron of pixel having different 
ink amount. 

10 27. A liquid didchargo apparatus according to Claim 25. wherein saW timing Is delayed relatively during the period of 
said meniecus of ink supplied m the nozzle boing present in the position retracted from th& opening edge of eaid 
nozzle for the fomnatkin of pixels having a larger amount of ink. 

28. A liquid diecharga apparatus according to Claim 25, wherein said electrothormaJ converting member driven earner 
75 is arranged on sakl opening edge side of said nozzle, and said eloctiothermal converting mombar driven later is 

arranged on the rear side of eaid nozzle. 

29. A liquid discharge apparatus according to Claim 28» wherein said electrothermal converting member driven earlier 
Is comparaDvely smaller, and saW electrothermal converting mdmbor drivon later is comparaiivaly larger. 

20 

30. A liquid discharge apparatus using a nozzle provided with at least two electrothermal converting members In the 
intsrior thereof for discharging ink from said nozzle by driving said electrothermal converting members In accord- 
ance with a recording signal for recording one pixel, comprising: 

SB a first driving means for forming pixel having a smaller amount of ink by driving only one of electrothermal 

convening members in sakJ nozzle to discharge ink; end 

a second driving means forfomning pixel having a larger amount of ink by driving one of the two slsctrothermal 
converting members in said nozzle, and after that, driving the other one of said electrothermal converting 
members to discharge ink for the formation of pixel having a large amount of ink by the timing set during the 
30 period of the m^ificue of ink supplied in said nozzle being present in tha poeition retracted from the opening 

edge of said nozzle. 

31. A liquid discharge apparatus according to Claim 30. wherein said alactrothermal converting member driven earlier 
is an-anged on said opening edge side of eaU nozzle, and said electrothennal converting member driven later is 

3S arranged on the rear side of the same nozzle. 

32. A liquid discharge apparatus according to Claim 31 , wherein said slectrothermel converting member driven earlier 
is comparatively smaller, and said electrothermal converting member driven later is comparatively larger. 

40 33. A liquid discharge method for a liquid cflscharge head using a nozzle provided with at least two electrothermal 
converting members in the Interior thereof for discharging ink from said nozzle by driving said elect rothemrial con- 
verting members In accordance with a recording signal for recording one pixel, comprising the steps of; 

driving one OT said electrothermal converting members when recording one pixel; and 
45 driving the other one of said ©iectrothermal converting members subsequent to eaid one of them being driven 

at the timing making the ink discharge amount minimum substantially. 

34. A liquid discharge method for a HqukJ discharge head using a nozzle provided with at least two electrothermal 
converting members in the interior thereof for discharging ink from said nozzle by driving said electrothermal con- 
so verting members in accordance with a recording signal for recording one pixel, comprising the step© of: 

driving on© of said electrothermal converting members when recording on^ pixel; and 

driving the other one of said electrothermal converting members subsequent to said one of them being driven 
at the timing creating bubble in ink by driving of said other one of the electrothermal converting members when 
55 the volume of the bubble created In Ink by the driving of sakd one of the electrothermal converting members 

becomes rnaximum substantially. 

35. A liquid discharge method tor a liquid discharge head according to Claim 33 or 34, wherein said electrothermal 
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converting oiembQis are arrangad in postttons having different distano^fi from the openfrig edge ol aald nozzle, 
respeetiveiy. 

3& A liquid discharge methcxi for a liquid discharge head according to Claim 35, wherein eaid alactrothoimai converting 
5 member having the ehortor dbtanee from said opening edge is driven earlier, and after that, said electrothermal 

converting member having the longer distance from said opening edge is driven at eald timing. 

37. A liquid discharge method f ora liquid discharge head according to Claim 3S. wherein said electrothermal converting 
member having the longer distance from said opening edge is driven earlier and after that, eaid electrolhent^al 
to converting member having the shorter distance from said opening edge is driven at sard timing. 

as. A liquid diechargo method for a liquid discharge head according to Claim 96, wherein eald electrothermal converting 
member having the shorter distance from eaid opening edge has a ©mailer area than eaid electrothermal converting 
member having the longer distance from eaid opening edge. 

15 

3S. A liquid discharge method for a liquid discharge head according to Claim 36, wherein the areas of said electro- 
thermal converting member having the shorter distance from said opening edge and said Qlectrolhennal converting 
member having the longer distance from eaid opening edge are the same. 

20 40. A liquid discharge method f ora liquid discharge head according to CNm 35, whereinsaid electrothermal converting 
member having the shorter distance from said opening edge is provided with an area for the value of discharge 
speed v / discharge amount Vd of the individual inK diecharge from said otectrothemnal converting member to be 
reduced as daid distance is hicrea&ed. 

55 41. A liquid discharge apparatus using a nozzle provided with at least two electrothennal converting members in the 
interiorthereof for discharging inkfrom said nozrfe by driving said electrothermal converting members for recording, 
compiiding: 

means for driving eaid electrothermal converting members when recording one pixel; and 
30 controlling means for driving one of said electrothennal converting members by said driving means, and setting 

the timing to drive the other one of eaid electrothermal converting members subsequently at the timing to make 
the ink discharge amount minimum substantially. 

42. A liquid discharge apparatus using a nozzle provided with at least two eleetrothermal converting members in the 
3S interior th ©roof for discharging ink from said nozzle by driving sakJ electrothermal converting members for recording* 

comprising: 

means for driving said electrothermal converting members when recording one pixel; and 
contioiiing means for driving one of said electrothemial converting members by said driving means, and setting 
40 the timing to drtve the other one of said electrothermal converting members sut>sequently at the timing to 

create bubble in ink by the drivins of eaid other one of the elcKitrothermal converting members w*ien the volume 
Of the bubble created in ink by the driving of said one of the elecuothermal converting members becomes 
maximum substantially. 

4s 43. A liquid discharge apparatus according to Claim 41 or 42, >A/herein said electrothermal converting members are 
B.uSir\Q&6 in positions having different distances from the opening edge of said nozzle, respectively. 

44. A liquid discharge apparatus accorcllng to Claim 43, wherein eaW electrothennal converting member having the 
shorter distance from said opening edge is driven earlier, and after that, said electrothermal converting member 

60 having Ihe longer distance from said opening edge is driven at said timing. 

45. A liquid discharge apparatus according to Claim 43, wherein said oloctrothern^l converting member having the 
longer distance from said opening edge is driven earlier, and after that, said electrothermal converting member 
having the shorter distance from said openlrtg edge is driven at eaid timing. 

EB 

46. A liquid discharge apparatus according to Claim 44, wherein said electrothermal converting member having the 
shorter distance from said opening edge has a smaller area than said electrothermal converting member having 
the longer distance from said opening edge. 
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47, A liquid discharge apF>aratus acconiing 1o Claim 44, whQroin the areas of eaid elactrothermal converting member 
having tho shorter distance from said opening edge and said electrothermal converting member having the longer 
distance imm daid opening edge are the same. 

5 48. A liquid discharga apparatus according to Claim 43, wherein said electroihermal converting member having the 
shorter distance from daid opening edge is pruvided with an area for the value of discharge speed v / discharge 
amount Vd of the individual ink cfiacharge from said eloctrothennfml converting member to be reduced as said 
distance is increaaed. 

ro 4d. A liquid discharging apparatus, for example an ink jet recording apparatus, comprising a liquid discharge head 
having at least one liquid discharge path, a plurality of discharge energy gananating elements associated with ttie 
liquid discharge path for causing diecharge of liquid from an outlet of the discharge path and means for controlling 
or adjusting the relative timing of the supply of drive signals to said plurality of discharge energy generating ele- 
ments to control or adjust the manner or amount off liquid discharged from the liquid discharge path. 

TS 

60. A liquid discharging apparatus or method or means for controlling a liquid discharge head of such an apparatus 
having the features recited in any one or any combination of the preceding claims. 
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FIG. 4 
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FIG. 11 
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